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ABSTRACT

The mechanism by which seal-packaging individual fruit in high
density polyethylene film delays deterioration was investigated with
lemon (Citrus limon [L.] Burm. f. cv Eureka) and bell pepper (Capsicum
annuum L. cv Maor) fruits. Seal-packaging effects were due to the water-
saturated atmosphere in the sealed enclosure around the fruit. Softening
of fruit was highly correlated with declining water potential of fruit.
Sealing drastically inhibited softening as well as changes in cell wall
pectins. Sealing also delayed disintegration of membrane as shown by
the inhibited leakage of amino acids, in particular, and electrolytes in
general. All these effects of sealing were prevented or reduced by includ-
ing hygroscopic CaCl, in the sealed enclosure which reduced the ambient
humidity. Furthermore, some of these effects of sealing could be achieved
also by maintaining nonsealed fruit in water-saturated atmosphere. Seal-
ing effects could not be related to a possible ‘modified atmosphere’
mechanism in O,, CO,, or ethylene. This work supports the hypothesis
that the mode of action of sealing in the polyethylene relates to the
alleviation of water stress which exists in harvested fruit.

Among the various techniques developed to extend fruit
postharvest life, the use of plastic film is growing in importance
because it is convenient in the many different conditions
throughout the chain of handling from producer to consumer
(8, 21). Ben-Yehoshua (8) found that seal-packaging individual
fruit with a thin film of HDPE?2, § to 15 um in thickness, doubled
storage life of various fruits. The flavor of the fruit was not
spoiled; on the contrary, the sealed fruit maintained its normal
flavor, as well as its firmness and fresh appearance for at least
twice as long as nonsealed fruit. Surprisingly, sealed citrus fruit
kept at 20°C lost less weight and was firmer than nonsealed fruit
at optimal (lower) temperatures.

Seal-packaging delayed several parameters of physiological
deterioration of fruit better than cooling; which is usually consid-
ered the best means of delaying senescence of detached living
organs (11, 21). Accordingly, it is hoped that the elucidation of
the mode of this action of seal-packaging would also help better
understand the mechanism of senescence of detached plant
organs and their causes. Such information might also be useful
in extending the basic knowledge of the control of the deterio-
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2 Abbreviations: HDPE, high density polyethylene; WSA, water-satu-
rated atmosphere; WSD, water saturation deficit; AIS, alcohol-insoluble
solids.

87

ration of other perishable, living fruit items.

The control of deterioration of fruit by plastic film had been
generally explained by the modification of the concentrations of
CO,, O,, and ethylene (21). However, this theory was not sup-
ported by our data (10, 13). Endogenous levels of the above gases
were similar in fruit sealed in HDPE or not sealed, but their rates
of physiological deterioration were altogether different. The ma-
jor effect of sealing appears to be the provision of a water-
saturated microatmosphere (8). This may alleviate water stress,
which is important in controlling life processes (15, 20). How-
ever, so far only the inhibition of transpiration, shrinkage, and
shriveling has been ascribed to the high humidity that is found
in the microatmosphere of the sealed fruit (21). Therefore, we
set out to investigate the hypothesis that sealing delays deterio-
ration of lemon and bell pepper fruits by alleviating water stress.
The importance of transpiration as a major process leading to
physiological deterioration of citrus fruit has been demonstrated
(7). This paper reports our attempts to relate water stress to
various physiological parameters in sealed and nonsealed fruit.
Lemons and peppers were selected for these studies because they
responded very favorably to the seal-packaging technique. These
fruits do not have the marked ripening and climacteric processes
that could disturb our objective by masking the effects of the
sealing per se on fruit behavior.

MATERIALS AND METHODS

Lemon (Citrus limon [L.] Burm. f. cv Eureka) and bell pepper
(Capsicum annuum L. cv Maor) fruits were obtained directly
from orchard or field, or from packing houses before storage.
Samples of fruit of uniform size and appearance, originating in
one orchard, were subjected to different treatments. Normal
treatment for both lemon and pepper was storage for various
lengths of time at 85% RH and steady temperature, 14 or 20°C
for lemon and 17 or 8°C for pepper, either nonsealed or sealed
in HDPE (Mitsui, Tokyo, Japan). The film was applied and
sealed around the fruit with a unit manufactured by Swery
Electronics Inc. Israel.

In one pepper experiment, two other treatments were per-
formed: WSA and sealed atmosphere with around 85% RH. The
WSA was obtained by placing nonsealed peppers in a Plexiglas
chamber with a humidity-generating machine at the bottom. The
amount of humidity was regulated by Lambrecht humidity reg-
ulator, and was independently checked periodically by a cali-
brated thermohydrograph. The humidity inside the sealed enclo-
sure was measured by a Duratherm hygrometer (Environmental
Tectonics Corp., Southampton, PA) that has accuracy of +2%
RH. The sealed atmosphere that was supposed to have 85% RH
was arranged by introducing 5 g of CaCl, drying crystals into the
sealed HDPE bag with the pepper. The CaCl, was changed
weekly. The humidity in this sealed bag increased from 80 to
88% over the week, while the HDPE-sealed pepper without CaCl,
registered a steady 97% RH (as measured with a hair hygrometer).
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Table 1. Effect of Seal-Packaging in HDPE on Weight Loss, Firmness, and Water potential of Lemons Kept

at 17°C and 85% RH
Time after HDPE Weight Firmness Water
Harvest Sealed Loss (Deformation) Potential
months % of initial mm bars
0 0.0 3.0 -13.7
1 - 5.7 5.2 -15.2
+ 0.8 3.1 -134
2 - 10.3 7.0 =211
+ 1.2 35 -15.0
b nonsealed® 5.15* 2.0* -3.70*
b sealed 0.60 Ns 0.25 Ns —0.65 Ns
Significance of difference between
* * *

the two coefficients

* Regression analysis was carried out of the nonsealed and sealed treatments over time and the significance
of each of the regression coefficients (b) as well as the differences between the two regression coefficients (b)

was tested at 5% level. * is significant.

The following parameters were studied on all types of fruit:
weight loss; firmness; water deficit and tissue water potential;
membrane integrity as measured by electrolyte and amino acid
leakage; cell wall properties; CO, and ethylene production; and
endogenous content of O,, CO,, and ethylene. Samples were of
the size required for statistical analysis, i.e. five to 10 replicates
for each measurement.

Weight Loss and Firmness. Ten fruit from each treatment
were weighed at the beginning of the experiment and at various
times during the course of storage, and the results were expressed
as percentage of loss from initial weight. Fruit firmness was
determined with a compression tester (7, 8), using a 5 kg weight
for lemons and 2 kg for peppers. Full deformation was measured
30 s after exerting the force on the fruit, then the weight was
removed and residual deformation was measured 15 s later. The
firmer the fruit, the lower were both readings. The correlation
between these two measurements for bell pepper was 0.99.

Water Deficit and Tissue Water Potential. The status of water
in the fruit was measured in two independent ways (3): (a) water
potential expressing the free energy of the water molecule and
considered the final determinant of diffusional water movement;
and (b) WSD that expresses the relative water content of the
tissue and measured according to the formula:

Saturated weight— original fresh weight
Saturated weight— oven dry weight

The water potential was measured on discs from fruit using a
J14 leaf press (Campbell Scientific Inc, Logan, UT). This new
instrument for studying the water potential has many advantages
over the Scholander pressure chamber which cannot altogether
be utilized for harvested fruit along its storage. Discs of the fruit
were pressed and the reading was made at the appearance of the
first sign of sap at the cut edges (16). Five fruit were measured
for each treatment; three discs from each fruit. Results for discs
from the same fruit were generally very similar. The leaf press
was calibrated each time by randomly selecting eight of the fruit
to be sampled and measuring them with both the leaf press and
the gravimetric method. In the latter technique tissue discs are
weighed, allowed to equilibrate in a range of sucrose solutions at
room temperature for 1 h, and then reweighed. The tissue water
potential is equal to the water potential of a sucrose solution in
which the weight of tissue segments did not change. These values
were compared with the leaf press measurements obtained on
discs from the same fruit and a factor calculated to convert the

x 100

WSD =

leaf press measurements of the fruit from p.s.i. to bars.

Membrane Integrity. Discs from pericarp of peppers or peel
of lemons were put into 10 ml of distiled H,O and incubated
for 24 h on a shaker at 4°C. The discs were then ground in
another 10 ml of distilled H,O and filtered through glass wool.
The incubation medium and the ground tissue were assayed for
amino acids (32) and electrolytes using an El Hama TH 27
Conductometer (Israel). The results were expressed as percentage
of total electrolytes or amino acids.

Cell Wall Contents. After the above parameters were meas-
ured, five samples from each treatment, 50 g each, were frozen
for assay of cell wall. AIS were prepared from the frozen tissue
(4). The resulting powder was dried and stored in HDPE-sealed
bags until further analysis. Samples of 100 mg each were then
extracted consecutively to obtain three fractions, water-soluble
pectin, EDTA-soluble pectin, and insoluble pectin (4). The latter
was digested with commercial pectinase (Sigma) to release the
insoluble pectin fractions (27). The total amount of pectic sust-
ances was determined following enzymic digestion on a separate
100-mg sample of the AIS preparation and was found to equal
within 10% the sum of the above fractions. The quantity of the
pectic material in each fraction was determined by the colori-
metric carbazole method (30). The residue from the total pectin
extraction was extracted first for 2 h at 100°C in 5% NaOH to
release a hemicellulose fraction, and then the residue was treated
according to Updegraff to obtain the cellulose fraction (33).
Carbohydrates were determined by the phenol-sulfuric acid
method (19).

Polygalacturonase and Cellulase Activity. About 50 g of fruit
tissue were ground in 30 ml water containing 2.5 g NaCl for 2
min. The slurry was then filtered through cheesecloth and the
resultant filtrate was used as enzyme crude extract.. Enzyme
activity was measured by viscosimetry using 1% citrus pectin for
polygalacturonase activity and 1% carboxyl methyl cellulose for
cellulase activity. The decrease in viscosity over 30 min was
monitored.

Production of CO; and Ethylene and Their Endogenous Con-
centration. CO, and ethylene production were investigated with
single fruit (7, 8). Inasmuch as C;H, readings were at times too
low, the C,H, was absorbed with mercuric perchlorate and then
released with HCL. Endogenous content of O,, CO,, and ethylene
was measured (7, 8).

RESULTS

Effects on Firmness, Weight Loss, Water Potential, and Water
Deficit. Sealing individual lemons in HDPE film delayed signif-
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FiG. 1. Effect of seal-packaging in HDPE on lemons stored at 14°C
and 85% RH for 9 months. (@- - -@), Nonsealed; (0——O), sealed. sD
is indicated.

icantly (at 1% level) weight loss and preserved firmness as ex-
pressed by deformation (Table I; Fig. 1). During storage non-
sealed lemons lost 10 times more weight than HDPE-sealed ones.
It was also found that the sealed fruit preserved its initial firmness
for a long period of storage, while nonsealed lemons significantly
softened. Similar changes were found when water potential in
the peel was measured (Table I). Nonsealed lemons demonstrated
lower values of water potential than HDPE-sealed fruit. In gen-
eral, there was a strong correlation between the water status and
the firmness of the fruit.

Similar results were obtained with bell peppers (Fig. 2). Non-
sealed peppers lost 10 times more weight than sealed fruit during
4 weeks of storage at 17°C and 85% RH. The sealed peppers
preserved their initial firmness while nonsealed ones softened
and shrivelled. Two independent measurements of tissue water
status, WSD and water potential, correlated highly with weight
loss (r = 0.91 and 0.94, respectively). The values of WSD and
water potential did not change from the time of harvest through
the 4 weeks’ storage in sealed fruit, while lower values were found
in nonsealed fruit as a result of water stress. In some cases (data
not shown), HDPE-sealed peppers retained their initial firmness
even for 10 weeks of storage, and lemons stayed firm for a period
of up to 1 year. The correlation coefficient between weight loss
and firmness of pepper was 0.97 and between water potential
and firmness, 0.98.

Effects on Membrane Integrity. Ripening or senescence of
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FiG. 2. Effect of seal-packaging in HDPE on green peppers stored at
17°C and 85% RH for 4 weeks. A, Weight loss; B, firmness; C, water
potential; D, water saturation deficit; E, leakage of free amino acids.
(@- - -@), Nonsealed. (O——0), sealed. sD is indicated.

detached plant organs is accompanied by the loss of membrane
integrity (6, 31). One of the first cellular processes affected by
water stress is membrane function (23). Sealed peppers and
lemons demonstrated better membrane integrity as expressed by
reduced values of free amino acid and electrolyte leakage (Figs.
1 and 2), The degree of leakage in nonsealed fruits at the end of
the storage period was more than twice as high as that in sealed
lemons and peppers.

Effect of WSA and Ambient RH. The hypothesis that seal-
packaging extends storage life of fruit by preventing the forma-
tion of water stress that develops in nonsealed fruit during
storage, was further tested by using WSA. Peppers were stored
in a WSA and compared to HDPE sealing. As expected, weight
loss was much inhibited in WSA and the decrease in WSD and
water potential were prevented (Table II). Another treatment
that could check whether the alleviation of water stress is the
mode of action of seal-packaging was by studying whether pro-
ducing water stress in sealed fruit would reduce its desirble action.
By introducing hygroscopic CaCl, to HDPE-sealed peppers, RH
inside the bags was reduced and stress could be produced. The
reduction of the humidity inside the enclosure of the sealed fruit
caused the expected changes; that is, the rate of weight loss and
WSD was increased and water potential was lowered, similarly
to changes occurring in nonsealed peppers. In addition, both
firmness and membrane integrity were affected by the changes
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Table 1. Effect of RH and Seal-Packaging in High-Density Polyethylene Film on Firmness, Membrane
Integrity, Water Potential, and Water Saturation Deficit of Green Bell Pepper Fruit Kept for 4 Weeks at 17°C

Treatment
Parameter Sealed
Examined WSA _ Sealed Nonsealed in HDPE
in HDPE +CaCl
Weight loss, % 1.76° 1.2a 15.9d 10.5¢
Firmness, mm deformation 4.6b 3.3a 12.5d 9.9¢
Amino acid leakage, % 14.4ab 11.3a 21.5b 17.3ab
Electrolyte leakage, % 21.6ab 19.2a 22.7b 22.3ab
Water saturation deficit, % 11.5a 12.7a 24.4b 20.9b
Water potential, bars -5.2a ~5.2a -8.0b -7.5b

* Each fruit sealed in a plastic bag containing 5 g of CaCl, crystals.
® Mean separation by Duncan’s multiple range test, 1% level.

Table IlI. Changes in Cell Wall Components of Green Pepper Fruit Stored at 17°C and 85% RH

Galacturonic Acid or Glucose/AIS

Water-

EDTA-

Time ;le]:]l;g soluble soluble Insolt;ﬁle Hemicellulose Cellulose
pectin pectin pect
weeks u/mg
0 33.6 375 94.3 18.5 108.0
3 - 41.6 37.0 85.9 16.0 110.1
+ 37.0 40.2 88.4 17.0 101.4
4 - 50.2 440 814 14.0 118.3
+ 43.6 41.9 88.3 16.0 113.1
b nonsealed* 3.81* 1.21 Ns -3.13* —1.06 NS 2.14 Ns
b sealed 2.18 NS 1.05 Ns —1.61 Ns —0.60 Ns 0.47 Ns
Significance of difference between
the two coefficients * NS * NS NS

* Regression analysis was carried out of the nonsealed and sealed treatments on time and the significance of each regression coefficient (b) as well
as the differences between the two coefficients were tested. * is significant at 5% level.

of the RH. Firmness was maintained in the WSA and reduced
by lowering the humidity around the seal-packed peppers. The
leakage of both electrolytes and free amino acids was decreased
in WSA and promoted by reduction of RH, although the differ-
ences were not always significant statistically. In general, treat-
ments that preserved higher water potential in the pepper tissue,
i.e. seal-packaging and WSA reduced membrane leakage.
Whereas treatments which induced tissue water stress as evi-
denced by lower water potential, i.e. nonsealed and seal packaged
with hygroscopic material, enhanced membrane leakage. The
correlation coefficient between water potential and amino acid
leakage was 0.91.

Inasmuch as the water content of the pepper fruits was closely
related to fruit firmness, the possibility of restoring the firmness
of soft fruit by placing it in aerated water was investigated. A
group of 25 soft fruit that had a deformation of 9.0 mm were
immersed in aerated water for 24 h. Their firmness rose to a
deformation level of 6.0 mm which represented a recovery of
55% as compared to the initial firmness of 3.3 mm prior to
softening. Fruit firmness could only partially be restored. Fruit
already shrunken and wrinkled did not recover firmness.

Effect on Cell Wall Components. The cell wall components
which showed changes during storage were mainly those of
pectins (Table III). In the nonsealed pepper, the water-soluble
pectin increased while the insoluble pectin decreased (significant
at 5% level). In HDPE-sealed pepper, a smaller increase in these
two fractions was found. The difference between sealed and non
sealed ones was significant. There was no significant change in

the levels of cellulose and hemicellulose fraction during storage
of the nonsealed fruit.

Parallel to the study of cell wall components, the activities of
cellulase and polygalacturonase were examined in pepper fruit
during storage (Table IV). No differences in cellulase activity was
detected when scaled and nonsealed peppers were compared.
This is in agreement with the finding that the levels of cellulose
in the cell wall do not change during storage. On the other hand,
sealing caused a decline in polygalacturonase activity during the
course of storage, while the enzymic activity in nonsealed peppers
remained unchanged. The results were that during storage the
polygalacturonase activity was around 1.5 times higher in non-
sealed peppers compared to sealed ones, which correlated well
with the increasing levels of water-soluble pectin and EDTA-
soluble pectin found in nonsealed peppers.

Effect on CO, and Ethylene Production and Their Endogenous
Concentrations. The values of production and endogenous con-
tent were rather low and variable. However, the trend was that
seal-packaging did not affect the CO, or ethylene production of
lemons (Fig. 3) or their endogenous concentrations (Table V).
Similarly, for green pepper kept at 17°C for 1 week, both respi-
ration (7.5 ml CO, produced/kg-h) and ethylene production
(0.04 ul/kg-h) were similar for both sealed and nonsealed fruit.
The endogenous concentrations of O, (20.5%), CO, (0.9%), and
ethylene (0.03 ul/l) were similar for both sealed and nonsealed
fruit at 17°C with a tendency for the sealed fruit to have slightly,
but insignificantly, higher CO, and C,H, and lower O,.
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Table IV. Changes in Cellulase and Polygalacturonase Activities in Green Papper Fruits Stored at 17°C and

85% RH
. HDPE Polygalac-
Time Sealed Cellulase turonase
weeks % activity/mg protein*/30 min
0 13.9 20.0
1 - 17.4 210
+ 17.5 16.8
2 - 15.6 21.6
+ 15.6 15.9
3 - 15.4 20.2
+ 14.6 129
4 - 11.6 17.2
+ 11.4 124
b nonsealed® —0.66 Ns —0.64 Ns
b sealed =0.79 Ns -1.91*
Significance of difference between NS *
the two coefficients

* The polygalacturonase activity was based on 10 mg protein because of the low activity of the enzyme
preparation.

b Regression analysis was carried out of the nonsealed and sealed treatments over time and the significance
of each regression coefficient (b) as well as the differences between the two regression coefficients. * is significant

at 5% level.
Table V. Effects of HDPE Seal-Packaging on the Level of Ethylene c 2%
and CO, Inside Lemons Kept for 4 Days at 20°C and 85% RH o
- S 20 SEALED &——o
Tri:::;i " Ethylene CO., § NON SEALEP Omewwew0
wlyl % uQ- 1
- 0.14a 0.53a c's: .
+ 0.14a 0.73a e
2 Five fruit per treatment; table represents a typical experiment out of o 8
five. Differences between the two packagings were found to be insignifi- 8‘;
cant at 5% level with Student’s ¢ test. J
DISCUSSION o | | ) | 1
of 2 3 4 3 6 7
The objective of this work is to relate the effects of sealing on
lemons and bell peppers with those of water stress in these fruit e
and with the large body of data on water stress of detached organs N C |
(15, 20, 22, 24, 34, 35). Our results substantiate the hypothesis EX
that the mode of action of the seal packaging in delaying senes- 2z 12
cence and maintaining firmness of these fruit is in the provision 2
of WSA that alleviates water stress. The following observations < o8
support this theory. (a) The very high correlation between weight g
loss, firmness, water potential, and amino acid leakage, that is, w O‘H
effects of sealing on fruit deterioration and on water deficit are w
at least parallel. (b) Placing pepper in WSA delayed softening w 4 O
and the disintegration of membranes which water stress acceler- z 02 D 5 6 7
ated. Furthermore, firmness of bell pepper could be partly re- = DAYS AFTER TREATMENT

stored by immersion of a soft fruit in aerated water. (c) Reducing
the RH of the microatmosphere of sealed fruit by the CaCl,
cancelled the effects of sealing in delaying the disintegration of
membranes and the softening process.

The observations conform with the many studies summarized
by Boyer (15) that water stress affects tissues in the same manner
as senescence. Leopold et al. (23) related water stress, membrane
integrity, and solute leakage, and suggested also that leakage of
desiccated leaves of cowpea reflects the condition of the cellular
membrane. Similar findings were reported by others (26). It

FiG. 3. Effect of HDPE seal-packaging on ethylene and CO, produc-
tion by lemon fruit. Fruit was waxed by Britex and kept at 20°C and
85% RH.

could be argued that leakage as well as other senescence phenom-
ena occurred in parallel with the decline in water content, but
were not caused by water stress. After all, this argument could
continue, all these changes are the normal course of events in
detached organs. However, the demonstrations that WSA per se
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was capable of simulating some of the sealing action, the firmness
of soft fruit could be restored in aerated water, and that reduction
of the RH inside the sealed enclosure cancelled these actions
contradicts this argument. The indication is that these changes
are not time-related senescence changes, but changes caused by
the water stress.

Recently, water potential has been proposed to regulate active
and passive transport by influencing the turgor pressure of cells
(18, 35). Zimmermann’s proposal (35) originates from the bi-
phasic osmotic regulatory response of plants to salt and water
stress. In the second phase of this response, the plant cells adjust
their osmotic pressure in response to environmental stress. Thus,
cells in higher plants have developed fascinating osmoregulatory
mechanisms in order to withstand water stress. It is possible that
the effects of sealing on leakage may relate to the second phase
response of the fruit tissue to the higher turgor obtained by the
restrained transpiration. The interrelationship between turgor
and membrane may help explain the response to sealing in
HDPE. In fact, Coster et al. (18) showed that significant changes
in the thickness of cell membrane can occur as a result of (a)
direct compression due to the turgor pressure, (b) indirect effect
due to the stretching of cell walls, and (c) the stresses induced by
the electric field in the membrane. Such changes in membrane
thickness may provide the pressure-transducing mechanism re-
quired for osmoregulation. Such a model associated with changes
occurring in the membrane could serve as the sensing mechanism
of water stress. Indeed a change in membrane fluidity in response
to osmotic concentration was demonstrated in liposomes (14).
A good correlation was demonstrated in apple discs between the
tonicity of the medium, ethylene production, and leakage of
cellular content (17). However, with apples, leakage was pro-
moted when turgor is increased in more than 5 bars by placing
discs in hypotonic solutions. Placing discs in water or in hypo-
tonic solutions delayed ripening in avocados (6).

Our work confirms previous reports showing that seal-pack-
aging in plastic film delayed softening of all fruits tested (8). In
fact, the extent of the inhibition of deterioration of the membrane
integrity is not so marked as the inhibition of softening. Thus,
4-week-old sealed pepper fruit still had the firmness of freshly
harvested fruit, but its membranes had already leaked amino
acids at a rate higher than fresh fruit. However, the extent of
delay of softening varies among different fruit. Thus, sealing of
individual climacteric fruits in HDPE, such as tomato (12),
avocado, mango, peach, and persimmon (Ben-Yehoshua ef al.,
unpublished information), delayed softening but to only a small
extent. The ripening process superseded and softening proceeded,
even in sealed fruit, though at a slower rate. The control of the
ripening process probably requires a more marked effect on CO,,
O,, and ethylene than that individual sealing with thin HDPE
film gives (21). However, with bell pepper, a nonclimacteric fruit,
the sealed fruit did not soften; with lemon, another nonclimac-
teric fruit softening was very much inhibited. Softening in citrus
fruit is of much smaller intensity than in climacteric fruit (27,
29, 30), but the breakdown of pectic materials in cell walls has
been reported. Little has been published about pepper softening.
Our work with lemons (unpublished information) also showed
that free galacturonic acid and EDTA-soluble pectins rose grad-
ually during storage. The amounts of insoluble pectins and
cellulose did not change and the hemicellulose declined. Whereas
neither of these changes occurred with sealed lemons during 4
months of storage at 14°C and 85% RH. Similar findings were
also reported by Ben-Gad et al. (5).

The effects of sealing on polygalacturonase confirm previous
reports of Van den Berg and Yang (34) that the activity of
pectolytic enzymes is lower in WSA than in lower humidity
regime of 90 to 95% RH.

The data on the similarity of CO, and ethylene production

Plant Physiol. Vol. 73, 1983

and their endogenous concentration in lemons and in bell pep-
pers support our early contention that sealing effects of these
fruits could not be explained by the production of a new modified
atmosphere around these fruits (8). These data verify our pre-
vious observation that CO, and O, concentrations in Shamouti
oranges, Marsh grapefruit, and Eureka lemons were not affected
by individual HDPE sealing (8, 10, 13). The rise in resistance to
the gas diffusion was counteracted by an inhibition of the respi-
ratory activity. However, for the present study with both lemons
and bell peppers, this respiratory inhibition was not detected.

These results with lemons and peppers differ from other data
demonstrating that, in many fruits and vegetables, sealing in
plastic film delayed deterioration through modified atmosphere
(21), that is, raising the CO, and lowering O, in their microat-
mosphere. In fact, our data with tomatoes showed that individual
sealing in HDPE resulted in faster and more uniform develop-
ment of red color which was due to the accumulated ethylene
inside the sealed enclosure. It is tempting to make a conjecture
that this water stress is more important than ethylene, O,, and
CO, with the lemon and pepper, both nonclimacteric fruits.
Whereas with climacteric fruits, ethylene, O,, and CO, play a
major role.

Water stress accelerates the ripening process of avocados (1)
and bananas (24). However, this finding could not always be
repeated, even with the same fruit. Lizana (25) reported that the
ripening of bananas was accelerated to a greater extent by WSA
than by a RH of 85%. Thus, these data could not be properly
summarized yet. Furthermore, the inactive role of ethylene in
the mechanism of sealing action in delaying deterioration of
lemon and pepper fruits is likely the exception rather than the
rule which is that ethylene is greatly involved both as a cause
and effect in several water stress phenomena. There are many
reports of the enhancement of ethylene production by water
stress (1, 9, 10, 22, 26, 28). Furthermore, ethylene-enhanced
production was shown to be the cause of defoliation under water
stress as an adaptation by the plant to resist water stress (9, 28).
Generally speaking the involvement of the various plant hor-
mones both in water stress and in membrane properties may
indicate a possible role for them in the sensing mechanism for
water stress (2, 10, 20, 22).
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